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(54) METHOD OF DETECTING LIVING-BODY MOLECULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus by 
which a living-body molecular bond in a liquid is 
measured simply. 

SOLUTION: Substrates 1 , 2 to which noble-metal fine 
particles 3 f 4 are solid-phased are irradiated with light 5 
from a specific angle, and the absorption maximum 
wavelength of specularly reflected light 6 is found. 
Consequently, a sensor which is of high sensitivity and 
which is not influenced by a change in the refractive 
index of the liquid due to a temperature, a concentration 
change and the like can be constituted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The biomolecule detection approach which the absorption-maximum wavelength of a 
reflectance spectrum be 1000 nm or less per refractive-index 1 unit, and be characterize by to 
detect molecular adsorption to refractive-index fluctuation of the liquid in which optical 
multilayers be dip although the absorption-maximum wavelength of the reflectance spectrum of 
optical multilayers shift in the optical molecular adsorption detection equipment using the optical 
property of the optical multilayers which consisted of the substrate, a noble-metals thin film, a 
dielectric particle, and a noble-metals particle when molecular adsorption arise in optical 
multilayers. 

[Claim 2] The biomolecule detection approach according to claim 1 characterized by said 
absorption-maximum wavelength detecting molecular adsorption by 300nm or less per 
refractive-index 1 unit. 

[Claim 3] The biomolecule detection approach characterized by detecting molecular adsorption 
by measuring the absorption-maximum wavelength of the reflectance spectrum obtained by 
carrying out the spectrum of the specular reflection light when S deviation light is irradiated at 
25 to 45 degrees whenever [ incident angle ] at a substrate, a noble-metals thin film, and the 
sensor by which particle size has a 90 to 125nm polystyrene particle or Si02 particle, and 15 to 
25nm gold. [ in thickness ] 

[Claim 4] The biomolecule detection approach characterized by detecting molecular adsorption 
by measuring the absorption-maximum wavelength of the reflectance spectrum obtained by 
carrying out the spectrum of the specular reflection light produced when S deviation light be 
irradiated at 45 to 65 degrees whenever [ incident angle ] at a substrate, a noble-metals thin 
film, and the sensor by which particle size consist of a 60 to 125nm polystyrene particle or Si02 
particle, and 8 to 15nm gold. [ in thickness ] 

[Claim 5] The biomolecule detection approach characterize by measure the absorption maximum 
wavelength of the reflectance spectrum obtain by carry out the spectrum of the specular 
reflection light produce when the light of S deviation be irradiate at 55 degrees from 35 degrees 
whenever [ incident angle ] in a substrate, a noble metals thin film, and the sensor by which 
particle size consist of a 125 to 145nm polystyrene particle or Si02 particle, and 8 to 25nm gold, 
and detect molecular adsorption in them. [ in thickness ] 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the measuring method using the 
immunodiagnosis sensor which does not need an indicator, a DNA chip, a protein chip, and this. 
[0002] 

[Description of the Prior Art] As this conventional kind of a sensor, the sensor using a surface 
plasmon resonance phenomenon is mentioned. Surface plasmon is the wave of expansion of the 
free electron which spreads the interface of a metal thin film and a dielectric, and since it is 
greatly influenced by the dielectric constant in an interface, it is used as detection principles, 
such as an immune sensor and a gas sensor. The concrete example of structure of the 
measuring device adapting this sensor is shown in dj:awing_2 . The thin film 22 of free electron 
metals, such as about 50nm gold or silver, is formed in the front face of the transparent high 
refractive-index support 21, such as prism, and the molecular recognition layer 23 is formed on 
the thin film 22. In order to excite the surface plasmon in the front face of a thin film 22, the 
monochrome parallel light 24 of p deviation from a prism side is irradiated from the light source 
25. Excitation of surface plasmon can be checked by detecting the specular reflection light 27 
with a detector 28, changing 26 whenever [ incident angle ] under the conditions which carry out 
total reflection. That is, whenever [ resonance incident angle / by which surface plasmon is 
excited ], in 29, since the energy of incident light is consumed by surface plasmon excitation, the 
reinforcement 30 of the reflected light decreases to the degree of pole. When target biomolecule 
is caught by the molecular recognition layer 23, in 31, the reinforcement 32 of the reflected light 
comes to decrease to the degree of pole whenever [ resonance incident angle ]. Since it 
depends to the dielectric constant in less than several 100nm field sensitively from an interface, 
a resonance include angle can be used as a sensor by measuring a resonance include angle. For 
example, if the structure of recognizing a specific molecule is made in the molecular recognition 
layer 23 and a refractive index changes with association of a specific molecule, since whenever 
[ resonance incident angle ] changes, it can know that the molecule was caught. 
[0003] 

[Problem(s) to be Solved by the Invention] In the measuring device using the surface plasmon 
resonance sensor of the above-mentioned conventional technique, the reflected light is 
dependent not only on the molecular adsorption in a molecular recognition layer but the 
refractive index of the buffer solution with which the molecule is distributed. If the mass of a 
liquid is more overwhelmingly [ than the mass of an admolecule ] larger in a sensor front face 
and the refractive index of a liquid is actually changed, a spectrum 33 will be shifted greatly and 
whenever [ resonance incident angle ] will be set to 34. For this reason, in order to detect the 
signal accompanying molecular adsorption, it is necessary to reduce temperature fluctuation and 
concentration fluctuation of a liquid as much as possible. If the molecule of 2 specifically sticks 
to the front face of a surface plasmon resonance sensor 10 pg(s)/mm, generally whenever 
[ resonance incident angle ] will shift 0.001 degrees, and if the refractive index of a liquid 
changes 0.1 times, the wavelength of the absorption maximum will be shifted 3 times. Therefore, 
when a liquid is water, since a refractive index changes 0.000132 times per time in a room 
temperature, if temperature fluctuation is 0.25 degrees, since ****** is similarly shifted 0.001 
degrees, it will need to control temperature by precision of 0.1 degrees or more. Moreover, it is 
also possible by irradiating the white light in a surface plasmon resonance sensor front face 
another type, and carrying out the spectrum of the specular reflection light to act as a monitor 
on the wavelength of the absorption maximum. In that case, if the molecule of 2 adsorbs 10 
pg/mm, 0.1 nm will be shifted, and if the refractive index of a liquid changes 0.1 times, 300nm of 
wavelength of the absorption maximum will be shifted. Therefore, when a liquid is water, since a 
refractive index changes 0.000132 times per time in a room temperature, if temperature 
fluctuation is 0.25 degrees, since 0.1 nm of absorption maximums is similarly shifted, they will 
need to control temperature by precision of 0.1 degrees or more, which approach — an imitation 
— although it will be necessary to permute the buffer solution in biomolecule adsorption, since it 



is fundamentally impossible, suppressing the fluctuation produced in that case will need to 

compare with a reference. 

[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
optical phenomena of the noble-metals particle prepared by the approach which artificers 
invented are used. If light 5 is irradiated at the optical multilayers which consisted of four layers, 
a substrate 1, the noble-metals thin film 2, the dielectric particle 3, and the noble-metals 
particle 4, and the spectrum of the specular reflection light 6 is carried out with a 
spectrophotometer 7, the absorption spectrum 8 which has a remarkable peak will be obtained. In 
the point that an absorption spectrum changes according to the refractive index in an optical 
multilayers front face, it is similar with the above-mentioned surface plasmon resonance sensor. 
However, it is possible to separate the spectrum change by the spectrum change and the 
refractive-index change of a liquid accompanying molecular adsorption unlike a surface plasmon 
resonance sensor. The spectrum in the above-mentioned system changes in connection with the 
molecular adsorption in the refractive index and front face of a medium adjacent to a sensor 
front face, and, generally absorption-maximum wavelength is shifted to a long wavelength side. 
That is, in the sensor which is in contact with air 9, if the liquids 10, such as water, permute air 
9, an absorption spectrum will change like 12 to 13. Furthermore, if the molecule 1 1 in a liquid 
adsorbs, an absorption spectrum will be further shifted like 14. Here, as for the shift amount of 
the conventional absorption-maximum wavelength, 8000nm of refractive indexes changes from 1 
unit ****** and 3000nm. However, the following phenomena are observed under specific 
conditions, such as a deviation of exposure light, whenever [ particle-size / of a dielectric 
particle /, golden thickness, and illuminating-angle ]. If the optical substrate absentminded mind 
9 is permuted by the liquid 10, it will change from an absorption spectrum like 15-16. That is, 
although an absorbance changes, absorption-maximum wavelength is hardly shifted. If a molecule 
1 1 furthermore adsorbs, absorption-maximum wavelength will be shortly shifted to the 
appearance shown by 17. Therefore, if it is acting as the monitor of the absorption-maximum 
wavelength on such specific conditions, it will become possible to detect only molecular 
adsorption. The refractive indexes of the above-mentioned absorption-maximum wavelength are 
1 unit ****** and the shift of 1000nm or less. Moreover, it is 300nm or less preferably. When 
this phenomenon originates from the structure of a golden particle and air is permuted by the 
liquid, or when the liquid of a refractive index with which liquids differ permutes, a refractive 
index changes in the whole particle circumference, but when a molecule sticks to a noble-metals 
particle front face, refractive-index change arises only on one side of a particle. Thus, when 
change of the refractive-index distribution in the particle circumference differs, the responses of 
an absorption spectrum may differ. The optical resonator which consists of golden particles on 
the continuation golden thin film on a substrate and a dielectric minute ball in the golden particle 
sample of this invention can be regarded. If an optical resonator is dipped in a liquid, a refractive 
index will change in the interior or the exterior of a resonator, and it will have effect which shifts 
an absorption wavelength peak to a long wavelength or short wavelength side, respectively. When 
the absolute magnitude of a shift is the same, a shift is offset completely. The shift which 
produces molecular adsorption only near the golden front face, and is produced in connection 
with this always becomes a long wavelength side to it. Live data are shown in drawin g 3 A. It is 
the spectrum obtained when particle size vapor-deposited gold with a thickness of 20nm to the 
polystyrene particle which is 1 10nm and irradiated from the direction of 0 times from a 
substrate. The spectrum [ 40 ] in air and 41 are the spectrums at the time of permuting by 
ethanol (refractive index 1 .36). A spectrum will be set to 42 if the OKUTA decane thiol molecule 
furthermore suspended in ethanol forms a monomolecular layer in a golden front face in self- 
organization. Here, the OKUTA decane thiol molecule is used as a model admolecule in a front 
face. The spectrum obtained when the same sample was irradiated according to the white light 
of S deviation at 35 degrees whenever [ incident angle ] is shown in drawing 3 B. For the 
spectrum in the inside of air, the spectrum after a permutation is [ the spectrum after self- 
organization-monomolecular-film formation of 44 and an OKUTA decane thiol ] 45 in 43 and 
ethanol. By spectrums 43 and 44, although absorption-maximum wavelength is not shifted, it 



turns out that 45 is shifted clearly. The advantage of measuring on this condition is shown in 
draw ing 4 . In measuring adsorption of biomolecule, it will often be necessary to permute the 
buffer solution. Here, a sensor [ in / for the sensor response characteristic produced with this 
permutation / the conventional sensor and this invention ] is shown supposing the case where 
the buffer solution B permutes the buffer solution A, and it permutes by buffer-solution B' which 
biomolecule suspended further. Although it is the structure of the sensor of this invention first, 
the noble-metals particle 61 is formed in the bottom of the detailed passage 60. The antibody, 
the DNA fragment, and the receptor are solid-phase-ized by the front face of the noble-metals 
particle 61, and the antigen contained in the liquid sample introduced from the detailed passage 
60, a DNA fragment, RIGANTO, etc. are caught alternatively. In order to observe reflectance 
spectrum change of the noble-metals particle produced by association, the white light 63 is 
irradiated through the multimode optical fiber 62 inserted from the upper part of the detailed 
passage 60. The white light irradiated with the polarizer 64 with which the insertion include angle 
of a multimode optical fiber 62 is made into a fixed value, and it is equipped with the tip is S 
polarization. The light 65 reflected regularly is led to a spectrophotometer by another multimode 
optical fiber 66, and absorption-maximum wavelength is measured. 67 and 68 show the 
difference in the response characteristic of the above-mentioned sensor and the conventional 
surface plasmon resonance sensor. 67 is known as a sensor gram in a surface plasmon 
resonance sensor, an axis of abscissa is time amount and an axis of ordinate is whenever 
[ resonance incident angle / of a reflectance spectrum ]. In 68, an axis of abscissa is time 
amount and an axis of ordinate is the absorption maximum wavelength of the noble-metals 
particle in this invention. Although a signal will change in the conventional sensor if the buffer 
solution B with which refractive indexes differ permutes the buffer solution A in time amount 69, 
the sensor of this invention does not answer refractive-index change of a liquid. If it permutes 
by buffer-solution B ? in which biomolecule furthermore contains the buffer solution B in time 
amount 70, as for a conventional-type sensor and the sensor in this invention, both will answer. 
However, the conventional-type sensor has answered also not only to the change accompanying 
adsorption of biomolecule but to fluctuation of very few refractive indexes between the buffer 
solution B produced from the difference between temperature and concentration etc., and 
buffer-solution B\ That is, the response 72 accompanying molecular adsorption in the response 
71 after time amount 70 and the response by the buffer solution have lapped. However, the 
sensor in this invention answers for seeing to biomolecule adsorption purely. It is there, for 
example, particle size is a 90 to 125nm polystyrene particle, and Si02. When the spectrum of the 
specular reflection light produced when it uses as a thin film of 25nm gold from 15nm in 
thickness and S polarization light is irradiated at 45 degrees from 25 degrees whenever [ incident 
angle ], using a particle as a dielectric particle is carried out, even if the refractive index of a 
liquid changes, absorption-maximum wavelength does not change, but when a molecule sticks to 
a golden front face alternatively, absorption-maximum wavelength changes. Moreover, particle 
size uses a 60 to 125nm polystyrene particle, and Si02 particle as a dielectric particle. When the 
spectrum of the specular reflection light produced when S polarization light is irradiated at 45 to 
65 degrees is carried out whenever [ incident angle ] from 8nm in thickness, using 15nm gold as 
a noble-metals thin film, Even if the refractive index of a liquid changes, absorption-maximum 
wavelength does not change, but when a molecule sticks to a golden front face alternatively, 
absorption-maximum wavelength changes. Furthermore, particle size uses a 125 to 145nm 
polystyrene particle, and Si02 particle as a dielectric particle. When the spectrum of the 
specular reflection light produced when S polarization light is irradiated at 35 to 55 degrees is 
carried out whenever [ incident angle ] from 8nm in thickness, using 25nm gold as a noble- 
metals thin film. Even if the refractive index of a liquid changes, absorption-maximum wavelength 
does not change, but when a molecule sticks to a golden front face alternatively, absorption- 
maximum wavelength changes. About the structure of a noble-metals particle, the particle of a 
molecule, Si02, and Ti02 grade is formed further, and hat-like particles, such as gold, silver, 
copper, and platinum, can form noble metals, such as gold, silver, copper, and platinum, on a 
particle vacuum evaporationo or by carrying out a spatter (publication number 1 1-1703). By 
having formed the noble-metals particle comes (publication number 10-339808) to show coloring 
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with a remarkable substrate. This coupling is produced by absorbing the light of some wavelength 
bands, in case the white light is reflected. Since it is dependent on a surface refractive index, the 
absorption peak wavelength of the above-mentioned noble-metals particle can be used as a 
principle which detects a reaction from which the refractive index in a front face changes 
(publication number 1 1-326193), and can be used as a biosensor by embellishing a front face 
with the biomolecule which has specific adsorption capacity, such as an antibody and DNA, 
(provisional publication of a patent 2000-55920). This patent application reduces the effect of 
the refractive index of a liquid to the above-mentioned biosensor as much as possible. When the 
refractive index of a liquid changes, it attains by irradiating at a specific include angle using the 
golden particle which has the property that absorption maximum wavelength does not change. 
[0005] 

[Embodiment of the Invention] (Example 1) One example of the use gestalt of this invention is 
shown in drawin g 5 . Gold with a thickness of 20nm is formed of vacuum evaporationo on the 
silicon substrate 90. A gold grain 91 is formed on a polystyrene particle by carrying out chisel 
adsorption of the polystyrene particle with a particle size of 1 10nm further, and vapor-depositing 
20 morenm of gold from on the. The golden particle 91 is embellished with the thiol molecule 
which has a functional group, and can combine the antibody of the arbitration which has an 
amino group. On the golden particle front face, since the required passage 92 is formed by 
PMMA in order to make the sample of a minute amount introduce and react, and the golden 
particle 91 is irradiated at the include angle of 35 degrees, the fiber bundle 93 is inserted at 35 
include angles, and it is equipped with the polarizer 94 at the tip. In order to gather the specular 
reflection light 96 of the white exposure light 94, it is inserted fiber bundle 97. The specular 
reflection light 96 is led to a spectrophotometer, and the absorption-maximum wavelength of the 
reflected light is called for. Two or more fiber bundles may be arranged to an approach length or 
horizontally to the direction of passage. 

(Example 2) One example of the use gestalt of this invention is shown in drawing. Gold with a 
thickness of 20nm is formed of vacuum evaporationo on the glass substrate 100. A gold grain 
101 is formed on a polystyrene particle by carrying out chisel adsorption of the polystyrene 
particle with a particle size of 80nm further, and vapor-depositing 10 morenm of gold from on 
the. The golden particle is embellished with the thiol molecule which has a functional group, and 
can combine the antibody of the arbitration which has an amino group. In order to make the 
sample of a minute amount introduce and react on a golden particle front face, required passage 
is formed with glass 102. The cylindrical lens 103 is arranged in the passage upper part, and the 
light 104 irradiated from the direction which are 55 include angles is condensed by the golden 
particle 101 through a polarizer 105. The specular reflection light 106 is led to a 
spectrophotometer, and absorption-maximum wavelength is called for. 

(Example 3) One example of the use gestalt of this invention is shown in drawing. Gold with a 
thickness of 20nm is formed of vacuum evaporationo on the silicon substrate 1 10. A gold grain 
1 12 is formed on a polystyrene particle by carrying out chisel adsorption of the polystyrene 
particle with a particle size of 135nm further in the hollow 111 on a silicon substrate 1 10, and 
vapor-depositing 10 morenm of gold from on the. The golden particle is embellished with the thiol 
molecule which has a functional group, and can combine the antibody of the arbitration which 
has an amino group. In order to make the sample of a minute amount introduce and react on a 
golden particle front face, required passage is formed with silicon 1 13. The reflecting mirror 1 14 
is formed in the upper part of the field in which the golden particle is formed, and the light 1 1 7 
introduced in passage through the optical fiber 1 15 and the polarizer 1 16 is reflected in the 
golden particle 1 12 by the reflecting mirror 1 14 at the include angle of 45 degrees. It is again 
reflected by the reflecting mirror 1 14, the specular reflection light 1 18 is led to a 
spectrophotometer through an optical fiber 119, and absorption-maximum wavelength is called 
for. 
[0006] 

[Effect of the Invention] By this invention, the simple sensor and detection equipment which can 
detect the existence of analyte by high sensitivity have been offered. 
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